To evaluate how a change in the level of leisure-time physical activity from adolescence into adulthood is associated with overall and abdominal obesity at the age of 31 y. DESIGN: Prospective follow-up study of Northern Finland birth cohort of 1966. SUBJECTS: In all, a population of 2834 males and 2872 females aged 31 y was studied. MEASUREMENTS: At the age of 31 y, overweight was defined as a body mass index (BMI) of 25.0-29.9 kg/m 2 and obesity as a BMI of 30.0 kg/m 2 or more. The cutoff points of waist circumference for mild and severe abdominal obesity were 94.0 and 102.0 cm in males and 80.0 and 88.0 cm in females. The change in the level of physical activity (at least moderately active vs inactive) was evaluated by inquiries conducted at the ages of 14 and 31 y. The odds ratios (OR) and their 95% confidence intervals (CI) obtained from logistic regression were adjusted for maternal BMI before pregnancy, BMI at the age of 14 y, alcohol intake, occupational physical activity, smoking, and, in the case of females, for parity at age 31 y. RESULTS: Becoming inactive during the transition from adolescence to adulthood was associated with overall overweight in males (OR 1.49, CI 1.18-1.89), overall obesity in males (OR 1.53, CI 0.99-2.37) and females (OR 1.51, CI 0.94-2.44), and with severe abdominal obesity in females (OR 1.80, CI 1.13-2.86). Being persistently inactive from adolescence to adulthood was associated with mild abdominal obesity in males (OR 1.83, CI 1.13-2.95), but not with other obesity measures in either gender after adjustment for confounding factors. CONCLUSIONS: Becoming inactive during the transition from adolescence to adulthood is related to overall obesity in both genders, and to severe abdominal obesity in females at the age of 31 y. The results emphasize the role of continued physical activity from adolescence into adulthood in the prevention of adult obesity.
Introduction
Over the past decade, the prevalence of obesity and abdominal obesity has increased in Finland and in a number of other countries. 1 This is alarming, because both overall and abdominal obesity are associated with an increased risk of cardiovascular diseases and Type II diabetes. 2 However, the major health risks of obesity are related more to the abdominal distribution of body fat than to its total amount. 3 Overall obesity is typically measured by the body mass index (BMI), which describes body weight in relation to body height, and abdominal obesity is typically measured by waist circumference (WC). Both BMI and WC are widely used in large epidemiological studies as indicators of obesity. In Finland, the rising trend in the mean BMI over time has been most pronounced among persons with lowest levels of leisure-time physical activity 4 and among persons aged 25-34 y. 5 With regard to physical activity, the transition from adolescence to adulthood seems to be especially important, because the amount of habitual physical activity decreases significantly during this period of life, 6, 7 and obesity in adolescence strongly predicts obesity in adulthood. 8, 9 Therefore, the association between a change in physical activity during transition from adolescence to adulthood and adult obesity may be regarded as an interesting topic for research.
Previous follow-up studies have given inconsistent results regarding the association between adolescent physical activity and adult obesity, a fact that may be explained by relatively small samples and methodological differences in these studies. 8, [10] [11] [12] [13] [14] [15] [16] Only one of these studies 15 took into account the change in the level of physical activity occurring between adolescence and adulthood. This study found that change in physical activity level from 17 to 25 y was negatively associated with WC and body fat at 25 y in males, but not in females. 15 The aim of this study was to evaluate the association between the change in the level of leisure-time physical activity during the transition from adolescence to adulthood and overall and abdominal obesity at 31 y of age. We hypothesized that being persistently inactive and becoming inactive between adolescence and adulthood are associated with overall and abdominal obesity at an adult age.
Material and methods

Study design
The study population was the Northern Finland birth cohort of 1966 (NFBC1966) 17 and included all children whose expected date of birth was in 1966 (N ¼ 12058). We focused on the follow-ups carried out in 1980 and in 1997-98, at the ages of 14 and 31 y. For both ages, questionnaires were mailed to all subjects whose addresses were known. The questionnaires were returned by 97% (N ¼ 11399) at age 14 y and by 75% (N ¼ 8767) at age 31 y. At the age of 31 y, the 8463 cohort members who were still living in Northern Finland or had moved to the Helsinki capital area were also invited to a medical examination performed at local health centres. The invitation was accepted by 6033 persons (71%). The present analyses included 2834 males and 2872 females for whom data on measured body weight, height, and circumferences of waist and hip were available. Females who were pregnant (N ¼ 48) were excluded from the analyses. Written informed consent was obtained from all subjects included in the analyses. This study was approved by the Ethics Committee of the University of Oulu and the Institute of Occupational Health. Those who did not participate at all in the follow-up at 31 y did not essentially differ from those who participated at 31 y with regard to key variables such as physical activity and BMI at age 14 y, although they came slightly more often from families with a low social class and had slightly more often low grade average at school at 14 y. Those who participated in the medical examination at 31 y were not physically more active or less obese compared to those who only answered the postal inquiry at 31 y. The participants of the follow-up study at age 31 y seem to be representative of the whole Northern Finland birth cohort of 1966 by their level of physical activity and BMI.
Overall and abdominal obesity at the age of 31 y Values for overall and abdominal obesity at the age of 31 y were measured by means of the BMI and WC, respectively. Data on body weight, height, and WC were obtained at the medical examination. WC was measured midway between the lowest rib margin and the iliac crest. Overall overweight was defined as a BMI of 25.0-29.9 kg/m 2 and overall obesity as a BMI of X30.0 kg/m 2 . Mild abdominal obesity was defined as a WC of 94.0-101.9 cm in males and 80.0-87.9 cm in females. Severe abdominal obesity was defined as a WC of X 102.0 cm in males and X88.0 cm in females. These cutoff points are recognized internationally as identifying individuals with an increased risk of comorbidities. 2 Waist to hip ratio has previously been the most frequently used measure of abdominal obesity, 2 but more recently, it has been suggested that WC is a better indicator of abdominal fat than waist to hip ratio.
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Change in the level of physical activity between adolescence and adulthood Information on physical activity was collected by mailed questionnaires both at age 14 and 31 y. At 14 y of age, the subjects were classified on the basis of the frequency of participation in sports after school hours. Those participating in sports less than once a week were defined as physically inactive, and those participating once a week or more often were defined as at least moderately active in adolescence. At 31 y, the subjects were asked how often they participated in light and brisk physical activities and what was the duration of one bout of activity. 19 In the questionnaire, the term 'brisk' was defined as physical activity causing at least some sweating and getting out of breath, and the term 'light' as physical activity causing no sweating or getting out of breath. At 31 y, the subjects were classified into four groups (very active, active, moderately active, and inactive) according to the frequency, intensity, and duration of physical activity in which they engaged in. 19 The very active group exercised briskly four times a week or more often, and the active group two to three times a week, for at least 20 min at a time. The moderately active group exercised briskly once a week, or more often than once a week but for less than 20 min at a time, or they engaged in light physical activity at least four times a week. The inactive group engaged in brisk physical activity less often than once a week, and in light physical activity less often than four times a week, and they thus did not meet the recommended level for the enhancement of either fitness 20 or health. 21 The data obtained at ages 14 and 31 y were used to classify the subjects into four groups on the basis of the change in the level of physical activity that had occurred between adolescence and adulthood (at least moderately active vs inactive): (1) persistently active: at least moderately active both at 14 and 31 y of age, (2) having become active: inactive at 14 y but at least moderately active at age 31 y, (3) having become inactive: at least moderately active at 14 y but inactive at age 31 y, and (4) persistently inactive: inactive both at 14 and 31 y of age.
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Potential confounding variables
In the present analyses maternal BMI before pregnancy, BMI at 14 y, occupational physical activity, the level of vocational education, alcohol consumption and smoking, as well as parity in females at the age of 31 y, were taken into account as potential confounding variables.
Maternal BMI. A mother's weight before pregnancy was recorded during her first visit to the antenatal clinic, which occurred on average during week 16 of gestation. Height was measured or self-reported. Vocational education. The subjects were classified at 31 y of age into four classes based on their level of vocational education: (1) university degree, (2) other higher education (polytechnic or vocational college), (3) medium-level education (vocational school or course), and (4) no vocational education.
Occupational physical activity.
The level of occupational physical activity at 31 y was determined by means of selfreporting 23, 24 and the subjects were classified into those involved in: (1) sedentary work, (2) light or medium heavy work, (3) heavy or very heavy manual work, and (4) those with no work or no answer.
Alcohol consumption. The amount of alcohol consumed per day at age 31 y was estimated from the questions measuring frequency and the usual amount of beer, wine and spirits consumed on one occasion. The subjects were then assigned to four groups by quartiles of alcohol intake. (Laitinen et al, 2002 , unpublished manuscript).
Smoking. The subjects were classified as smokers and nonsmokers at age 31 y on the basis of the information they provided in the questionnaire. Those smoking less often than once a week were classified as nonsmokers.
Parity. In females, the number of own children at 31 y was taken into account in the analyses. The grouping was no child, one child, two children, and three or more children.
Statistical methods
Firstly, the associations between the measures of physical activity and obesity at ages 14 and 31 y were explored by crosstabulation and the w 2 test. Secondly, multinomial logistic regression analyses were used to explore how change in the level of physical activity in adolescence as compared to adulthood was associated with different levels of overall and abdominal obesity at 31 y of age. The persistently active persons with normal weight or normal WC formed the reference group. We first calculated crude odds ratios (OR) and their 95% confidence intervals (CI). The adjustment for several possible confounding factors enabled us to evaluate how the change in the level of physical activity is independently associated with obesity measures. The analyses of abdominal obesity were additionally adjusted for BMI at age 31 y, because there is a high degree of correlation between BMI and WC, and we also wanted to distinguish central obesity, which is independent of overall obesity.
Owing to missing values the number of subjects may vary between the tables.
Results
At 14 y of age, males were physically more active than females, and females were more often classified as inactive than were males (Table 1) . At age 31 y, however, males were classified as inactive more often than females. Most subjects were classified as persistently active. More females than a Brisk physical activityZfour times a week, forZ20 min at a time. b Brisk physical activity two to three times a week, for Z 20 min at a time.
c Brisk physical activity once a week Z20 min at a time, or brisk physical activity more than or equal to once a week but o20 min at a time, or light physical activity Zfour times a week.
d Brisk physical activity less than once a week, and light physical activity less than four times a week. e At least moderately active.
f Waist circumference o94.0 cm in males and o80.0 cm in females.
g Waist circumference 94.0-101.9 cm in males and 80.0-87.9 cm in females.
h Waist circumference Z102.0 cm in males and Z88.0 cm in females.
Physical activity change and obesity T Tammelin et al males had become active, and more males than females had become inactive. About 8% of all subjects were persistently inactive from adolescence to adulthood (Table 1) . At the age of 31 y, the mean BMI was 25.2 kg/m 2 in males and 24.2 kg/ m 2 in females, and the mean WC was 88.9 cm in males and 78.8 cm in males. The prevalence of overweight was higher in males than in females at the age of 31, but obesity was equally prevalent in both genders ( Table 1 ). The prevalence of mild abdominal obesity was 18% in both genders, and the prevalence of severe abdominal obesity was higher in females than in males according to the sex-specific definitions used in this study (Table 1) .
Univariate analyses
The frequency of participation in sports at age 14 y was not associated with a statistically significant degree with the levels of obesity at the ages of 14 or 31 y (P40.05). Obese adolescents did seem to be inactive at age 14 y more often than their peers exhibiting normal weight (in males 22% vs 16%, and in females 39% vs 29%), although the differences were not statistically significant (P40.05). The absolute level of physical activity at age 31 y was inversely associated with the levels of overall (Po0.05) and abdominal obesity (Po0.001) in both genders at this age. The prevalence of obesity was 7, 7, 8, and 10% in males, and 7, 6, 9, and 12% in females, in the very active, active, moderately active, and inactive groups, respectively. The prevalence of severe abdominal obesity was 5, 7, 10, and 14% in males, and 14, 14, 19, and 23% in females, in the very active, active, moderately active, and inactive groups, respectively, at the age of 31 y. In univariate analyses, the prevalence of overall obesity (Table 2 ) and abdominal obesity (Table 3) was highest among those who had been persistently inactive or had become inactive. The association between the change in physical activity and adult obesity was studied more thoroughly by multinomial logistic regression (Tables 4 and 5 ).
Multivariate analyses
In males, becoming inactive during the transition from adolescence to adulthood was associated with overall overweight (OR 1.49, CI 1.18-1.89) and obesity (OR 1.53, CI 0.99-2.37), while being persistently inactive was not associated with overall overweight or obesity (Table 4 ). In females, the change in physical activity was associated with obesity but not with overweight (Table 4) . Becoming inactive (OR 1.64, CI 1.16-2.32) and being persistently inactive (OR Table 2 Prevalence of overall obesity at 31 y of age (%) according to the change in the level of physical activity between the ages of 14 and 31 y Physical activity change and obesity T Tammelin et al 2.24, CI 1.49-3.38) were associated with obesity in unadjusted analyses, but an adjustment for confounding factors made the associations weaker and the CIs wider. This was mainly due to adjustment for the level of education in the case of subjects who became active, and to adjustment for BMI at age 14 y in the case of those who were persistently inactive. In males, being persistently inactive was associated with mild abdominal obesity even after adjustment for potential confounders and BMI at age 31 y (OR 1.83, CI 1.13-2.95) ( Table 5 ). Being persistently inactive was initially associated with severe abdominal obesity, but not after adjustment for the level of education and BMI at age 14 y. Becoming inactive was associated with mild and severe abdominal obesity in unadjusted analyses, and also after adjustment for potential confounders, although the associations disappeared after adjustment for BMI at age 31 y. In females, the change in physical activity was not associated with mild abdominal obesity ( Table 5) . Becoming inactive was associated with severe abdominal obesity after adjustment for potential confounders and for BMI at age 31 y (OR 1.80, CI 1.13-2.86). Being persistently inactive was initially associated with severe abdominal obesity, but the association disappeared after adjustment for BMI at age 31 y.
Becoming active during the transition from adolescence to adulthood was not associated with overweight, obesity, or severe or mild abdominal obesity in either gender, when the reference group consisted of subjects who were persistently active (Tables 4 and 5 ).
Discussion
The main finding of this longitudinal study was that becoming inactive and being persistently inactive in the period extending from adolescence into adulthood was Adjusted for occupational physical activity, vocational education, alcohol consumption, smoking, body mass index at age 14 y, maternal body mass index, and in females for parity. Physical activity change and obesity T Tammelin et al independently associated with overall and abdominal obesity at age 31 y. In males, becoming inactive was associated with overall overweight and obesity, and being persistently inactive was associated with mild abdominal obesity at the age of 31 y. In females, becoming inactive was associated with severe abdominal obesity at age 31 y.
Although genes play an important role in the development of obesity and abdominal obesity, 25 being physically at least moderately active both at age 14 and 31 y seems to have an important independent preventive role, as shown in our analyses after adjustment for several potential confounding factors. This finding is encouraging with regard to obesity prevention, because physical inactivity is a risk factor that can be modified. In an earlier study of the present cohort, frequent participation in sports during adolescence predicted a high level of adult physical activity. 19 Encouraging young people to participate in physical activities may be beneficial in terms of obesity prevention as well.
Our observed association between the high level of continued physical activity and the low level of overall and abdominal obesity can be understood in the light of earlier experimental studies, which have shown that exercise training can reduce adipose tissue. 26 It has been suggested that abdominal fat is more responsive to exercise than fat in other parts of the body. 3 Exercise-induced alterations in lipolytic activity are shown to be greater in abdominal than in gluteofemolar adipocytes, and therefore abdominal fat is more readily mobilized during exercise than are peripheral depots. 3 Evidence from randomized controlled trials also suggests that exercise-induced weight loss is associated with reductions in abdominal obesity, 26 and that exercise alone, even without weight loss, reduces abdominal fat. 27 The lack of association between the absolute level of adolescent physical activity and adult obesity measures was consistent with some earlier findings. 14, 16 Some studies have, however, suggested a protective effect of adolescent physical activity on adult obesity as defined by skinfold thickness. 8, 10, 11 This effect was not confirmed when adult obesity was defined by BMI 13 or by measures of abdominal obesity. 11, 15, 16 Our results are similar to the findings of Hasselström et al, 15 which suggested that a change in physical activity between the ages of 17 and 25 y was negatively associated with the WC and fatness of males at age 25 y. 15 In our study a decline in physical activity, becoming inactive, was negatively associated with overall obesity in both genders and with severe abdominal obesity in females. In our study, becoming inactive seems to be even more harmful than being persistently inactive from adolescence into adulthood. One explanation for this may be that it is difficult to adjust the energy intake from food to a decreased level of physical activity, which leads to an increase in weight. Similar findings have been observed in follow-up studies on adult populations. 28, 29 Williams et al 28 showed that a change in the level of physical activity, whether a decrease or increase, was associated with greater weight gain as compared with subjects who had been persistently active or inactive, and Haapanen et al 29 reported that a decrease in physical activity was more strongly associated with significant weight gain than being persistently inactive. Abdominal obesity was not evaluated in these two studies, 28,29 but in the study of Wing et al 30 a change in physical activity was negatively associated with a change in waist to hip ratio after adjustment for BMI in middle-aged females. In the present study, the groups that became active or were persistently active did not differ when we compared the odds ratios for obesity measures. In our study, an increase in physical activity from adolescence to adulthood was not associated with measures of adult obesity when the reference group consisted of subjects who were persistently active. The lack of a significant association between persistent inactivity and some measures of obesity may be due to the relatively small size of the persistently inactive group (187 males and 240 females) and due to adjustment for other unhealthy habits. Physical inactivity may be related to unhealthy lifestyle and habits, such as smoking, alcohol consumption, and an unhealthy diet, which in turn are also known to be associated with obesity. 31 The effects of inactivity on obesity may be partly explained by reduced energy expenditure, but they may also be mediated to some extent by other types of unhealthy behaviour. In clinical practice, it is not so important to try to separate the independent effect of these habits, but rather to take account of an individual's whole life situation and health habits in counselling aimed at the prevention and management of obesity. Being persistently inactive may also be associated with some chronic diseases, which may lead to underweight. This may partly explain the lack of the association between persistent inactivity and obesity measures. Our study cannot make unequivocal claim regarding a causal relationship between change in physical activity and obesity. The reason for this is that although physical activity patterns may affect weight and fat distribution, it is also possible that weight or fat distribution influences physical activity. 32 In our analyses, however, we controlled for the level of obesity at the age 14 y.
The large study population, the opportunity to control for potential confounding factors, a long follow-up time, and a high participation rate are the strengths of our study. On the other hand, the long period elapsing between the ages of 14 and 31 y may have led to a misclassification of the exposure, the change in the level of physical activity. Some subjects may have changed their level of physical activity many times during this period. In addition, the frequency of participation in sports at age 14 y is only one element of habitual physical activity, and it therefore does not represent an accurate measure of adolescent physical activity, but it is just a crude estimate of activity or inactivity.
This study provides rarely reported information about change in the level physical activity during the transition from adolescence into adulthood as a determinant of adult obesity. Regarding the interpretation of the results, it is Physical activity change and obesity T Tammelin et al worth noting the way in which we dichotomized the subjects into active and inactive groups at different ages. Our focus was the classification of the inactive group, and the persons classified as active were not necessarily very active. They participated in sports at least once a week at age 14 y, or in brisk exercise at least once a week at age 31 y. Therefore, our results do indeed demonstrate that the avoidance of physical inactivity is important in the prevention of overall obesity, and especially of abdominal obesity. Although the BMI is correlated with the fat content of the body, some misclassification may be present because of differences in muscle mass. In particular, males with a very high content of muscle mass may be misclassified as overweight, even though their fat content is optimal for health. In addition, an individual's level of obesity may influence the reporting of physical activity: obese persons usually overreport their physical activity, 33 which may lead to an underestimation of the association between physical activity and obesity.
In conclusion, the results emphasize the independent role of continued physical activity between adolescence and adulthood in the prevention of adult overall and abdominal obesity.
